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Viruria during acute Japanese encephalitis virus infection
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Summary. In this study, viruria following Japanese encephalitis virus (JEV)
infection in mice has been shown to appear earlier in pregnant than in
normal mice with proteinuria and haematuria. This was related to the
production of splenic macrophage derived neutrophil chemotactic factor
(MDF) following JEV infection. Intravenous inoculation of MDF in mice
resulted in leakage of cells, proteins and erythrocytes in the urine as a
result of altered capillary permeability. The isolation of virus from kidney did
not correlate with the shedding of virus in the urine. The histological
examination of sections of kidneys showed no morphological damage;
however, ultrastructural degenerative changes in the mesangial cells
were observed following JEV infection. These data suggest that JEV-
induced macrophage derived factor regulates the leakage of proteins,

erythrocytes and cells into the urine.
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Japanese encephalitis virus (JEV) is a major human
pathogen, particularly in South-East Asia, causing epi-
demic encephalitis each year (Umenai et al. 1985). Virus
has been isolated following primary infection from brain
tissue in fatal cases, CSF in non-fatal cases (Leake et al.
1986; Mathur et al. 1986; 1990) and rarely from blood
(Kedarnath et al. 1984). The virus could also be detected
by co-cultivation of peripheral blood mononuclear cells
of latently JEV infected children (Sharma et al. 1991).
During the acute stage of infection congestion, oedema
and small haemorrhages with neuronal degeneration
are found in brain. A number of pathological changes
have also been noted in extraneural tissues, e.g. in
myocardium, hepatic = Kupffer cells, spleen,
lymph nodes and focal haemorrhages in kidneys
(Grascenkov 1964). The urinary tract symptoms, such as
the presence of albumin and red blood cells in urine,
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are also frequent during the' acute state (Monath 1990).
We have not come across any description of the
isolation of JE virus from the urine following
infection. Excretion of cytomegalovirus (Kajiwara et al.
1993), BK and JC viruses (Sundsfjord et al. 1994),
adenovirus (Stamm & Truck 1987) and infectious hepa-
titis virus (Conrad et al. 1964) in the urine of patients
and Hantaan virus in rats (Lee et al. 1986) has been
demonstrated.

During JEV infection the splenic macrophages secrete
a macrophage derived neutrophil chemotactic factor
(MDF) (Khanna et al. (1991). MDF is characterized as a
10kDa polypeptide, with a variety of in vivo biological
effects. It increases the capillary permeability (Khanna
et al. 1994) resulting in the breakdown of the blood-brain
barrier with leakage of plasma proteins, erythrocytes
and cellular infiltration in brain parenchyma (Mathur et
al. 1992). The present report describes the isolation of
infectious virus from the urine of JEV infected mice
which may be attributed to the action of MDF.
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Materials and methods

Virus and mice

Japanese encephalitis virus (JEV) strain 78668A was
isolated from human brain (Mathur et al. 1982). The
JEV was propagated by intracerebral (i.c.) inoculation
of mice and fifth-pass brains were stored at —70°C.
The infectivity titre of virus pool in suckling mice was
10*® LDgy/25 ul. Inbred Swiss albino mice (6-7 weeks
of age) or 8-day-old pregnant mice obtained from
this Department were inoculated intraperitoneally with
0.3ml of 10LDg, of JEV infected mouse brain suspen-
sion.

Virus isolation

Kidneys from 7 to 11 JEV infected and control mice were
collected at different intervals and cut lengthwise and
imprint smears from cut surfaces were prepared on
slides for indirect immunofluorescence. The other
halves were used for virus isolation after chopping
and washing with cold Hank's balanced salt solution
(HBSS) until they were free of blood. A 10% (w/v)
suspension was prepared in Eagle's minimum essen-
tial medium (MEM) with antibiotics. Blood by cardiac
puncture and urine by aseptic aspiration from the
bladder were collected individually at the same time.
The urine pH was immediately adjusted to 7.2 and the
urine was diluted 1:2 in HBSS. One-day-old infant mice
were inoculated i.c. for virus isolation as described
earlier (Mathur et al. 1986).

Indirect immunofluorescence (IF)

The freshly collected urine was centrifuged at low speed
(300g). The cell pellet was spotted on Teflon coated
microscopic slides and the smears were air dried. The
cell smears and kidney imprint smears were fixed in
chilled acetone and examined by indirect immunofluor-
escence as described previously (Mathur et al. 1990).
1:100 dilution of JE virus specific monoclonal antibody
designated 98.9.5i (kindly given by Dr E.A. Gould,
Oxford, UK) was used. The smears were screened
under a Dialux 20 Leitz fluorescent microscope.

Antibody estimation

The haemagglutination inhibition (HAI) test was per-
formed by the modified technique of Clarke and Casals
(1958) as described earlier (Mathur et al. 1986). The
reciprocal dilution of serum giving inhibition against

8HA units of antigen is presented. Each HAI value
represents means + s.e. from seven to nine mice.

Histopathological study of kidney

Kidneys of JEV infected and control mice were removed
at various intervals. Tissue pieces were fixed in 10%
neutral buffered formalin. Paraffin blocks were made,
sectioned and stained with haematoxylin and eosin.
Sections were coded, examined and expressed as +
to + + + according to the increasing degree of changes
in glomeruli and tubules.

Electron microscopy

Kidney tissue pieces of approximately 1 x 1mm size
were fixed at 4°C in 3.5% glutaraldehyde. After
30 minutes pieces were washed with sodium cacody-
late buffer and post-fixed in 1% cadodylate buffered
osmium tetraoxide at 4°C for 1h followed by three
washings in cacodylate buffer. Following dehydration
in acetone series the tissues were embedded in Durcu-
pan mixture and sectioned. Sections were stained with
1% aqueous uranyl acetate and 0.2% lead citrate and
examined in a Philips electron microscope (410LS).

Preparation of macrophage derived factor (MDF)

The MDF was prepared from splenic macrophages of
JEV primed Swiss albino mice and purified as described
earlier (Khanna et al. 1991). Briefly, mice were given
0.3ml of 10 LDg, of JEV i.p. On day 7 post infection the
spleens were collected and the cells were cultured in
MEM-HEPES with antibiotics for 2h at 37°C in the
presence of 5% CO,. The adherent cells were washed
thrice with phosphate buffered saline (PBS) and incu-
bated at 37°C in normal saline for 24 h. The macrophage
derived factor was collected and purified on Sephacryl
S-200 column (Pharmacia, Sweden). The neutrophil
chemotactic activity was assayed by modified Boyden
Chamber technique using 5 um pore size nitrocellulose
filter (Khanna et al. 1991).

Assay of albumin in mice

The leakage of albumin in urine of mice was measured
by the stick test using Ames plastic strips (Miles India
Ltd, Baroda, India) (McMurray 1988). The urethra was
tied and mice were inoculated intravenously with 200 g
of macrophage derived neutrophil chemotactic factor or
with normal mouse macrophage supernatant. The
viscera was opened 1h later and urine was collected
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Table 1. Isolation of JEV from urine and kidney in pregnant and
normal mice following JEV infection
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Table 2. JEV titres in the urine of pregnant and non-pregnant
groups of mice on different days

Days Pregnant Non-pregnant Days p.i. Pregnant Non-pregnant
after

infection Kidney Urine Kidney Urine ; - -

1 o7 o o o 5 107120 -

3 o7 o7 o7 o7 7 107162018 -

5 21+024/11  24012/11 oM o1 9 1072120254 107 1240180

7 4+15/11* 310.34/11 31+0.99/11*  0/11

9 4+1.1/11*  240.23/11 14+039/11* 2+0.32/11* **P < 0.005.

Control  0/7 or7 o7 or7 Each value represents mean + s.e. of three experiments.

*P>0.05; **P <0.01.
Number of mice with virus/number tested per experiment. Each value
represents means + s.e. of three different experiments.

aseptically from the bladder. The absorbant area of the
strip was dipped in urine samples and the colour
produced after 30 s was compared with the test chart
and expressed as mg/dl. The sensitivity of the test was
15-30 mg albumin/di.

Detection of JEV

Groups of normal and 8-day-pregnant mice were inocu-
lated i.p. with 10LDs, of JEV. Table 1 shows the rate of
virus recovery from the kidney and urine of individual
animals from both groups of mice. The virus was first
isolated from kidney on day 5 from pregnant
(2+0.54/11) and on day 7 from non-pregnant
(3 £0.99/11) groups of mice after infection. The virus
recovery was significantly higher (P < 0.01) in pregnant
mice (4 + 1.1/11) as compared to the non-pregnant mice
(1+£0.39/11) on day 9 p.i. No virus was isolated from
control groups of mice. To determine the distribution of
antigen positive cells in kidney, the imprint smears
obtained from JEV infected pregnant and non-pregnant
mice were screened on different days. JEV specific
immunofluorescence positive cells were seen distribu-
ted in numerous foci. The tubular epithelium showed no
antigen positive cells. Blood showed presence of virus
on day 1 in non-pregnant and on days 1 and 2 in
pregnant groups of mice.

An attempt was made to isolate infectious virus from
urine of JEV infected mice. Viruria was detected from
day 5 to 9 in the pregnant group and the infectivity titre
ranged from 107" to 1072'/25ul, while in the non-
pregnant group the virus was recovered from urine on
day 9 (2+0.32/11) p.i. only (the virus titre was
107"2/25l). No virus was recovered from urine of

control mice receiving normal mouse brain suspension
(Table 2). The indirect immunofluorescence of urinary
exfoliated cells in the pregnant group using anti-JEV
monoclonal antibodies revealed the presence of
3+ 0.83% of immunofiuorescent positive cells on day
5 p.i. which gradually increased and reached a maxi-
mum on day 9 p.i. (12 + 2%).

Antibody response in mice

The HAI antibodies were detected in groups of mice
before and after JEV inoculation. All mice were negative
(<1:8) for JEV antibodies before virus was given. JEV
infection was followed by a more than fourfold rise in
HAI antibody titre, an indication of active infection in
both groups of mice. The mean JEV HAI antibody titres
were 1:46 =5 in the pregnant and 1:40 + 2 in the non-
pregnant groups of mice on day 9 p.i.

Relation between renal and urinary virus isolation-

The virus was isolated from the renal tissue of 10
pregnant and 4 non-pregnant mice from day 5 to 9
following infection while excretion of the virus from
urine was demonstrated in only 7 out of 47 pregnant
and 2 out of 47 non-pregnant mice. Three of the pregnant
mice which had virus in urine did not show the virus in
renal tissue. Virus was isolated on day 9 p.i. from kidney
of only one non-pregnant mouse while viruria was
detected in two mice.

Histopathology

Light microscopic examination of kidney in JEV infected
pregnant and non-pregnant mice revealed mild hyper-
cellularity. Infiltrating cells were predominantly lympho-
cytes with few macrophages. Small haemorrhagic areas
were noticed. Tubules showed no change.
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Figure 1. a, Electron micrograph of mouse kidney showing hypertrophic changes in podocyte and degenerative changes in
mesangial cell on day 7 following JEV infection. x12000. b, Electron micrograph showing cyst formation by foot process (—) and

flocculent material in urinary space. x24000.

Ultrastructural changes in JEV infected mouse kidney

On day 7 post infection the lumen (L) of the glomerular
capillary showed moderately electron dense material
and erythrocytes (Figure 1a). The podocytes (P) showed
varying degree of hypertrophic changes, as the

Figure 2. Electron micrograph of uninfected mouse kidney.
%12000. L, Lumen; US, urinary space; P, podocyte; M,
mesangial cell; BM, basement membrane; RBC, red blood cell.

cytoplasm contained elaborate Golgi complex, scat-
tered endoplasmic reticulum and microbodies. There
was also seen some cyst(—)formation by foot processes
(Figure 1b), while controls showed no such formations
(Figure 2). Occasional subepithelial deposits on base-
ment membrane (BM) were present. The urinary space
(US) was full of flocculent materials including multi-
vesicular bodies (Figure 1a and b), in contrast to the
controls where the urinary space was clear (Figure 2).
Degeneration changes in mesangial cells (M) were
evidenced by their pyknotic nucleus and vacuolated
cytoplasm (Figure 1a).

Production of neutrophil chemotactic activity by splenic
cells of JEV primed pregnant mice

The present experiment was carried out to ascertain the
day of appearance of the neutrophil chemotactic
response by splenic macrophage supernatant of JEV
primed pregnant mice and to compare it with time of
production of MDF by splenic macrophages of JEV
primed non-pregnant mice. The findings presented in
Figure 3 show that in JEV primed non-pregnant mice
maximum production of MDF occurred on day 7 p.i.,
whereas in JEV primed pregnant neutrophil chemotactic
activity appeared early and the peak activity was
observed on day 5. The control supernatants did not
show chemotactic activity.
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Figure 3. Production of macrophage derived factor in the
spleens of A, pregnant and @, non-pregnant mice during JEV
infection. C, control mice were given normal mouse brain
suspension in A, pregnant and O, non-pregnant groups of
mice. Each point represents mean + s.e. of 5 duplicate
experiments.

Protein leakage and microscopic examination of urine

Groups of MDF inoculated and control mice were
examined for protein leakage in urine using Ames
plastic strips. The urine collected at 1h after MDF
inoculation induced a colour change from yellow to
bluish-green corresponding to a protein concentration
of 30 mg/dl. The urine from control mice which were
given 100 ul of normal mouse macrophage supernatant
did not cause any colour change on the strips, thus
indicating a negative response.

The microscopic examination of urine sediments
showed a significant haematuria after MDF inoculation
(15 + 1 RBC/high power field). In addition a few white
cells and epithelial cells were also seen showing an
inflammatory response after MDF inoculation. No such
cellular infiltration was observed in urine deposits of
control mice.

Discussion

In this report we present evidence that JEV infection in
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mice could lead to transient changes in kidney and
shedding of virus in urine. The virus excretion in
pregnant mice occurred four days earlier than that in
non-pregnant mice. There was no correlation between
simultaneous virus isolation from kidney and urine. The
excretion of virus in urine seems to be related to the day
of maximum production of macrophage derived neutro-
phil chemotactic factor. We observed that i.v. injection of
purified MDF in mice causes albuminuria, haematuria
and shedding of cells in urine indicating that MDF could
regulate shedding of virus in urine. Viruria has not been
demonstrated earlier in JEV infection (Monath 1990).

Our results demonstrate viraemia for the first two
days after JEV infection and then the virus dissemi-
nates to different tissues where further multiplication
occurs (Mathur et al. 1986). Most of the arboviruses are
small and cleared by the reticuloendothelial system;
therefore, a large dose is necessary to reach the CNS
(Johnson 1987). We isolated infectious virus from kidney
following JEV infection which appeared early in preg-
nant as compared to non-pregnant mice. This could be
because of the differences in renal blood flow between
pregnant and non-pregnant animals resulting in early
virus replication in the organs of infected pregnant mice.

Interestingly we have detected early production of
macrophage derived factor in pregnant as compared
to non-pregnant mice during JEV infection. This coin-
cides with virus excretion in the urine though at this time
there occurs no morphological damage in renal par-
enchyma. This raises the possibility that MDF regulates
the virus shedding in urine as it enhances the capillary
permeability. The localization of JEV antigen on
endothelial capillaries and precapillaries of parenchy-
matous organs (Grascenkov 1964) and brain capillaries
(Johnson et al. 1985) has been observed which may or
may not precede further infection. CMV infection in
humans can also result in chronic viruria, though the
source of infection is not clear. It is suggested that
steroids, peptide hormones and genetic factors might
contribute to its pathogenesis (Knox et al. 1979).

We have previously demonstrated that MDF induced
an increase in capillary permeability resulting in the
leakage of plasma proteins, radiolabelled erythrocytes
and cells into the tissues or at the site of injection
(Khanna et al. 1994; Mathur et al. 1992). In the present
study we found that mice inoculated with MDF showed
albuminuria, microscopic haematuria and a fair number
of cells in the urine. These findings are consistent with
albuminuria and haematuria and sterile pyuria
observed in human JE patients (Monath 1990). The
present findings are supported by electron microscopic
examination which showed mild inflammatory and
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tissue degenerative changes in renal parenchyma and
urinary spaces showed flocculent material on day 7 after
JEV infection.

MDF produced during JEV infection is an important
proinflammatory factor which induces accumulation of
neutrophils and modulates their activation via a protein
kinase C dependent mechanism (Khanna et al. 1993),
resulting in augmentation of inflammatory response.
The signal transduction has been shown to be initiated
with a rise in cytosolic ca? in neutrophils, the require-
ment for which is obligatory for receptor mediated cell
stimulation (Srivastav et al. 1994). On the basis of the
positioning of the cysteine residues in a conserved
motif, the chemokines have been divided into two
subfamilies: the CXC, neutrophil chemokines are IL-8,
melanoma growth stimulating activity and platelet factor
4, while CC chemokines include RANTES, monocyte
chemotactic protein-1 and macrophage inflammatory
protein-1 which attract monocytes (Horuk 1994). The
complete biochemical characterization of MDF on the
basis of molecular structure is yet to be established.

Japanese encephalitis virus, a member of the family
Flaviviridae, is the most common cause of encephalitis
worldwide with high case fatality rate (Johnson 1987).
However, the pathogenesis of infection is not very clear.
We suggest that MDF should not be used exclusively as
a neutrophil chemotactic factor since its major activity is
vascular alteration leading to disease production.
Further work is in progress to utilize the adverse effect
of this cytokine to study JEV induced pathology by active
immunization with MDF.
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